Abstract
Introduction
Disruptive selection, a process in which natural selection favors individuals with more extreme that the consumer population has a quantitative trait, x, that is normally distributed with mean,
126x
, and variance, σ 2 , such that the distribution of x in the population, p(x,x), is described by,
The value of an individual's trait, x, determine its attack rates, α i (x), on the two resources, R i
128
(i = 1, 2), respectively. The maximum attack rate of an individual on the ith resource, α i,max ,
129
occurs at a trait value of x = θ i . The attack rate then decreases as the trait value moves away 130 from θ i in a Gaussian manner,
with the rate of decrease determined by τ 2 i . Assuming logistic growth in the resources, linear 132 conversion efficiencies of resources into consumers, and a constant density independent mortality 133 rate for the consumer, I described the dynamics of the consumer and resource populations as,
[e i f i (R 1 , R 2 , C, x)]p(x,x)dx − m),
of its trait and the 'environment' determined by the values of other parameters in the model. The evolutionary dynamics are then determined by assuming a constant supply of mutations with 147 small effects on the resident's trait. Mutants that are able to invade the ecological equilibrium 148 set by the resident's trait value are assumed to then become the new resident. This process is 149 assumed to continue until the trait value reaches an evolutionary equilibrium.
150
In the present model, if all of the resource specific parameters are equal (e.g. r 1 = r 2 , K 1 = fitness maximum, then there is stabilizing selection and the equilibrium is is an Evolutionarily
156
Steady Strategy (ESS) (Geritz et al., 1998) . In contrast, if the equilibrium is a fitness minimum,
157
then there is frequency-dependent disruptive selection and the equilibrium is an evolutionary 158 branching point (Geritz et al., 1998 analytical results for the model were not possible, the results presented below were qualitatively similar across all of the different parameter values investigated that met the above criteria.
To determine how handling times influence the strength of disruptive selection, I substituted a 176 multispecies Holling Type-II functional response (Holling, 1959) ,
into equations 3-4, where η i is the handling time of the consumer on resource i. I first investigated 178 how handling times in general influenced the strength of disruptive selection by assuming that 179 the handling times for both resources were equal (i.e. η 1 = η 2 ). I then altered the magnitude of 180 the handling times and examined the resulting effects on the strength of disruptive selection.
181

Consumer-dependent Functional Responses
182
Although there are several 'standard' functional responses models that include interference, all
183
were developed for a specialist consumer consuming a single resource (Beddington, 1975; Crow-184 ley and Martin, 1989; DeAngelis et al., 1975; Hassel and Varley, 1969 (Beddington, 1975; Crowley and Martin, 1989; DeAngelis et al., 1975) .
189
The Beddington-DeAngelis and Crowley-Martin functional responses make different assump-
190
tions about how interference effects consumer feeding rates, and therefore could lead to differ-191 ences in how they predict interference to alter the strength of disruptive selection (Beddington, 192 1975; Crowley and Martin, 1989; DeAngelis et al., 1975 
The Crowley-Martin functional response model extends the Beddington-DeAngelis functional 197 response model by assuming that consumers also interfere while handling resources (Crowley 198 and Martin, 1989) . Under these assumptions, with a interference rate, λ, the Crowley-Martin 199 functional response extended to two resources is,
Given these two functional responses, I examined how interference in general changed the between interference and attack rates as,
where y(α 1 (x), α 2 (x)) is the interference rate of an individual with attack rates α 1 (x) and α 2 (x), 220 y min,max is the interference rate that would be experienced if both attack rates were zero, and y slope 
230
Results
231
Handling Times
232
When there is no correlation between attack rates and handling times, analysis of the model Figure 1D ). This reduces the feeding rates of individuals with the highest attack rates 244 which simultaneously increases equilibrium resource densities ( Figure 1D ). Individuals with low 245 attack rates do not experience saturation from handling times and thus show an increase in 246 feeding rates due to the increase in equilibrium densities of the resources ( Figure 1E ).
247
The effects of handling time on the strength of disruptive selection depend on whether 248 pleiotropy causes a positive or negative correlation between attack rates and handling times. and with subsequent decreases in the feeding rates of individuals with low attack rates due to 262 decreases in equilibrium resource densities ( Figure 2D ).
263
Interference Rates
264
When there is no correlation between attack rates and interference rates, the effects of interfer-265 ence on the strength of disruptive selection depend on the functional response considered. If 266 interference is modeled using the Beddington-DeAngelis functional response, interference has 267 no effect on the strength of disruptive selection ( Figure 3A ). As interference rates increase, the 268 feeding rates across phenotypes remain constant because equilibrium resource and consumer 269 densities change in a manner that compensates for the increased interference ( Figure 3B ). In 270 contrast, if interference is modeled using the Crowley-Martin functional response, increasing in-
271
terference decreases the strength of disruptive selection ( Figure 3C ). This occurs because feeding 272 rates change differentially across the phenotypes ( Figure 3D ).
273
The reason for the contrasting effects of the two functional responses is that they encapsulate 274 different ways by which interference interacts with the consumer trait through attack rates. In Crowley-Martin functional response, because interference can occur while consumers are han-278 dling resources, interference does interact with the attack rates of the consumer and leads to 279 differences in feeding rates across the consumer phenotype.
280
As for handling times, the effects of interference on the strength of disruptive selection are 281 dependent on whether pleiotropy causes correlations between attack rates and interference rates. higher interference and lower equilibrium resource densities causing a decrease in feeding rates
294
( Figures 4D,5D ).
295
Discussion
296
At the core of theory on disruptive selection is its generation through the mechanisms of eco- the effects of interference on individuals with high attack rates (Rowland, 1989; Schoener, 1983) .
355
Individuals with high attack rates may also use resources more efficiently which may reduce their response is likely to be more appropriate (e.g. Getty, 1981; Kratina et al., 2009; Pyke, 1979) . mechanistically may be important to understand the evolutionary consequences of interference.
384
Lastly, the functional responses used here assumed that interference rates, or their relationships 385 with attack rates, were equal for both resources. Recent evidence has suggested that this may 386 not be the case and that interference rates and facilitation effects may be prey-specific in nature 387 (Novak et al., 2017) . These results suggest that theory incorporating prey-specific interference 388 rates may be needed to understand the ecological and evolutionary consequences of interference 389 with more than one resource.
390
In the models presented here, adaptive dynamics would predict that disruptive selection leads tional response, (γ), has no effect on the strength of disruptive selection (A). This is because the interference rate alters the equilibrium densities of the consumer and resources, but has no effect on the feeding rates of the consumers across their phenotypes (B, solid line is low interference, dashed line is high interference). The interference rate of the Crowley-Martin functional response (λ) weakens the strength of disruptive selection (C). This is because the interference rate differ- 
